Abstract. Image fusion is an emerging area of research having a number of applications in medical imaging, remote sensing, satellite imaging, target tracking, concealed weapon detection and biometrics. In the present work, we have proposed a new edge preserving image fusion method based on contourlet transform. As contourlet transform has high directionality and anisotropy, it gives better image representation than wavelet transforms. Also contourlet transform represents salient features of images such as edges, curves and contours in better way. So it is well suited for image fusion. We have performed experiments on several image data sets and results are shown for two datasets of multifocus images and one dataset of medical images. On the basis of experimental results, it was found that performance of proposed fusion method is better than wavelet transform (Discrete wavelet transform and Stationary wavelet transform) based image fusion methods. We have verified the goodness of the proposed fusion algorithm by well known image fusion measures (entropy, standard deviation, mutual information (MI) and F AB Q ). The fusion evaluation parameters also imply that the proposed edge preserving image fusion method is better than wavelet transform (Discrete wavelet transform and Stationary wavelet transform) based image fusion methods.
Introduction
Image fusion [1, 2] is a technique of computer vision that integrates all relevant and complementary information from different source images into a single composite image without introducing any artifact or noise. The objective of image fusion [3] is to combine information from multiple source images which contains the best relevant information coming from source images and is more suitable for human or machine perception.
Image fusion is an interesting area of research having a number of applications in medical imaging [4] , remote sensing [5] , satellite imaging [6] , target tracking [7] , concealed weapon detection [8] and biometrics [9] . Most of the imaging sensors are capable to capture a single type of image that provides only a specific kind of information. For example, in remote sensing, we have multispectral image with low spatial resolution and high spectral resolution and panchromatic image with high spatial resolution and low spectral resolution. Similarly in medical imaging, Positron Emission Tomography (PET) image provides functional information whereas the Magnetic Resonance Imaging (MRI) image gives anatomical information. These examples explain that a single imaging sensor is not able to provide all relevant information. Hence fusion of different source images is required in order to retrieve desired information in a single image.
Generally image fusion can be classified into three categories [10] : pixel level fusion, feature level fusion and decision level fusion. In the present work, we propose a pixel image fusion technique, as pixel level image fusion is computationally efficient and original quality of images are not lost during fusion process.
Image fusion techniques vary from spatial domain to transform domain. Limitations of spatial domain fusion techniques [11] lead to transform domain fusion techniques. Wavelet transform based fusion methods [3, 12, 13, 14] are widely found in literatures. Discrete Wavelet Transform (DWT) [15, 16] and Stationary Wavelet Transform (SWT) [17] are examples of wavelet transform based image fusion methods. But wavelet transform based fusion methods are limited as they can isolate the discontinuities at edges but failed to capture the smoothness along the contours and curves. Also wavelet transform has limited directionality (e.g. two dimensional DWT provides directional information in three orientations: horizontal, vertical and diagonal), that leads to loss of directional information in resulting fused image.
Due to these limitations of wavelet transform, we have used Contourlet Transform (CT) [18] [19] [20] [21] [22] [23] for image fusion which provides more directional information and smoothness about contours. In the present work, we have proposed an edge preserving image fusion method using contourlet transform and compared the proposed method with wavelet transform based fusion techniques (DWT and SWT) using different fusion evaluation parameters.
The rest of the paper is organized as follows: Section 2 briefly describes the contourlet transform. In section 3, the proposed fusion method is elaborated. Results and discussions are given in section 4. Finally, conclusions of the work are given in section 5.
The Contourlet Transform
The Contourlet Transform [18] [19] [20] [21] [22] [23] has a rich set of basis functions and it can represent salient features of images such as edges, curves and contours efficiently. It satisfies the basic requirement for image representation and provides a multiresolution representation of images with increased directionality and anisotropy. The construction of contourlet transform follows double filter banks approach, the laplacian pyramid (LP) and the directional filter banks (DFB). These filter banks jointly known as pyramidal directional filter banks (PDFB). The contourlet transform is performed in two steps. First is subband decomposition and second is directional transform. The laplacian pyramid is used to capture the point discontinuities and the directional filter bank is used to link the point discontinuities into linear structures. Thus the filter banks used in contourlet transform gives a detailed high directional image representation and captures intrinsic geometric structures as well. Hence it is well suited for image fusion with increased directionality and smooth representations along edges, curves and contours. The contourlet transform framework is shown in figure 1.
Fig. 1. The Contourlet Transform Framework
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The Proposed Method
We know that edges and boundaries are salient features of images and required for better visual representation of images. Hence, we have proposed a new edge preserving image fusion method using contourlet transform. As contourlet transform has high degree of directionality and captures geometric structures in better way, it leads to a better detailed representation of images. The proposed method uses contourlet transform with edge preservation for fusion of different source images. In the proposed fusion method, first, the source images are decomposed using contourlet transform to obtain contourlet coefficients, followed by edge point computation using sobel gradient operator. Secondly, we preserve contourlet coefficients that correspond to edge points in the source images. Then we apply maximum fusion rule on remaining contourlet coefficients to obtain coefficients for fused image. Reconstruction of the obtained contourlet coefficients will result in fused image. The steps of the proposed fusion algorithm can be summarized as follows:
1. Decompose source images 1 ( , ) I x y and 2 ( , ) I x y using Contourlet Transform (CT) to obtain contourlet coefficients 1 ( , ) C x y and 2 ( , ) C x y respectively. 
2. Use sobel operator to compute edge points 1 ( , ) E x y and 2 ( , ) E x y of contourlet coefficients 1 ( , ) C x y and 2 ( , ) C x y for source images 1 ( , ) I x y and 2 ( , ) I x y respectively. 3. Preserve edge points in the fused coefficient set ( , ) C x y as following: 
4. Apply maximum fusion rule on remaining contourlet coefficients to obtain coefficients for fused image i.e.
( , )
5. Reconstruction of ( , ) C x y provides fused image ( , )
Results and Discussions
This section gives visual and quantitative comparison of the proposed method with DWT and SWT based fusion techniques. We have performed the proposed fusion method over several image data sets and fusion results for representative multifocus and medical image datasets are shown in figure 2, figure 3 and figure 4 . The proposed edge preserving fusion method is compared with DWT [15, 16] and SWT [17] based fusion techniques in which fusion is performed using average, average-maximum and maximum fusion rules. The proposed method preserves contourlet coefficients that correspond to edge points in the source images. This edge preserving step in the proposed method provides better edge information in the fused image that can be viewed from the visual representation of results shown in the figure 2, figure 3 and figure 4 . For objective evaluation of the proposed fusion method, we have used well known fusion measures [24, 25] -entropy, standard deviation, mutual information (MI) and F AB Q . Higher values of these fusion metrics will imply better fused image. To compare the proposed fusion method with DWT and SWT based fusion methods, we have computed above mentioned fusion measures and tabulated them in table 1, table  2 and table 3 Q ) and closer to standard deviation metric for maximum fusion case. These comparisons show that the proposed edge preserving fusion method has better visual representation than DWT and SWT based fusion techniques as well as has higher values for different fusion metrics. Therefore, it can be concluded that the proposed edge preserving fusion using Contourlet Transform is able to preserve detail features of source images into resulting fused image and performs better than DWT and SWT based fusion methods.
Fig. 2. Fusion results for multifocus images. (a). Source image 1, (b). Source image 2, (c). Fused image by the proposed fusion method, (d). DWT maximum fused image, (e). DWT average fused image, (f). DWT average-maximum fused image, (g). SWT maximum fused image, (h). SWT average fused image and (i)
. SWT average-maximum fused image. 
Conclusions
In the present work, we have proposed a new edge preserving fusion method using Contourlet Transform. As Contourlet Transform has higher directionality and it captures smooth contours. Contourlet Transform based fusion using edge preservation is capable to preserve edge values in more efficient way. Experiments are performed over three set of image data sets (multifocus and medical). Visual representation of experimental results indicate that the proposed fusion method is better than wavelet transform (DWT and SWT) based fusion methods and provides better visual representation of fused image. Also we have verified the goodness of the proposed fusion method with well known fusion measures (entropy, standard deviation, mutual information (MI) and F AB Q ). This comparison also proved that the proposed edge preserving fusion method using Contourlet Transform is better than wavelet transform (DWT and SWT) based fusion methods.
